Abstract: Aerial photo interpretation of high resolution airborne imagery (ADS40) was used in a three-dimensional (3-D) digital Geographic Information System (GIS) environment to map native plant communities defined in the NSW Vegetation Classification and Assessment (NSW VCA) in central-southern New South Wales. NSW VCA plant community types form part of the NSW BioMetric vegetation type dataset underpinning NSW natural resource management (NRM) planning frameworks. This region was previously devoid of detailed vegetation mapping. In addition to developing a novel method for mapping plant communities, the use of ADS40 imagery allowed for capture of multiple attributes in each map polygon including attributes pertaining to dominant species and vegetation condition. Such data informs multi-attribute models used in conservation planning, providing utility beyond that of a singular plant community map.
Introduction
Native vegetation maps provide details on the spatial extent of each vegetation type and are widely used to predict ecological values within the landscape. They can also be used in landscape restoration for listing and recovery of threatened ecological communities, identification and recovery of habitat for threatened species and endangered populations, and modelling the distribution of biological assets. In combination with other mapped landscape variables, they can be used to predict the pre-1750 distribution of biological entities. The NSW VCA plant community types are embedded within NSW State environmental regulatory systems, providing a platform for assessment in planning and regulatory frameworks under a range of State legislation. Similar frameworks also exist in other parts of Australia (e.g. Parkes et al. 2003 , DERM 2011 .
The central-southern NSW study area includes parts of the NSW South Western Slopes (SWS), Central West Slopes (CWS) and South Western Plains (SWP) botanical subdivisions (Anderson 1961 ) and parts of the South Western Slopes, Riverina and Cobar Peneplain bioregions (Thackway & Cresswell 1995) . It is a very fragmented natural landscape. About 92.5% (2.4 million hectares) of the study area is managed as freehold agricultural land with an additional 4.6% (121,000 hectares) managed as Crown (primarily grazing) leasehold. Only 1.1% (28,500 hectares) is managed in formal conservation reserves, with 1.2% (31,540 hectares) in state forest, and 0.6% (16,626 hectares) in travelling stock reserves.
The region is characterised by broad areas of lowland ecosystems containing remnants of threatened plant communities, and the high proportion of agricultural land has led to habitat loss resulting from clearing and vegetation structural decline (DEH 2000) . As such, it is a highly important region in which to develop information for prioritisation and targeting of investment for environmental restoration programs. Before the mapping presented here, the study area lacked fine thematic level (congruent with classification Level D in Sivertsen 2009) vegetation map data except for a few conservation reserves and one local government area. (Victorian DNR 2002 , DSE 2011 and Queensland (Sattler & Williams 1999 , Queensland Herbarium 2003 , DERM 2011 . Elsewhere, vegetation maps have aligned types with jurisdictional vegetation classifications including the mapping of Voygeours National Park in Minnesota in the United States (Faber-Langendoen et al. 2007) , which related mapped units to the pre-existing United States National Vegetation Classification (Grossman et al. 1998 , Jennings et al. 2006 . Recent mapping in inland NSW with aligned mapped units to the NSW VCA plant communities include NGH Environmental (2008) For the fragmented landscapes in central-southern NSW, this study aimed to produce a highly accurate regional vegetation map expressing a fine thematic classification of plant community types and vegetation conditions using high resolution ADS40 digital imagery. In doing so, the study developed and refined a methodology utilising technological advances in digital airborne imagery and on-screen 3-D interpretation methods for mapping defined vegetation types.
Jurisdictional vegetation classifications have been mapped in other States including Victoria

Study Area
The central-southern NSW study area covers an area of 2.6 million hectares encompassing the Coolamon, Cootamundra, Junee, Lockhart, Narrandera, Tarcutta, Urana, Wagga Wagga and Yanco 1:100,000 mapsheets and Ariah Park, Wallaroobie Range and Yoogali 1:50,000 mapsheets ( Figure 1 ). It includes the Coolamon, Junee and Leeton local government areas in their entirety, as well as large portions of the Cootamundra, Griffith, Gundagai, Harden, Lockhart, Murrumbidgee, Narrandera, Temora, Urana and Wagga Wagga local government areas. Small parts of the Bland, Carathool, Greater Hume, Jerilderie and Tumut local government areas are also mapped. The study area extends across portions of three NSW Catchment Management Authority (CMA) areas, including central parts of the Murrumbidgee CMA, the Urana -Lockhart part of the Murray CMA, and small areas along the southern boundary of the Lachlan CMA.
Climate
The climate is temperate, characterised by hot dry summers and cool winters. Precipitation increases in areas of greater topographic relief in the east and is relatively even across seasons, with slightly less occurring in hotter months when evaporation rates are higher. Mean daily maximum and minimum temperatures are slightly higher in western parts of the study area, however temperature variance is relatively consistent. Climatic data for key weather stations within the study area is presented in Table 1 (BoM 2011).
Physiography
The study area contains a variety of landforms and soils reflecting the broad variation between the NSW South Western Slopes, Riverina and Cobar Peneplain bioregions (Figure 1) . The Riverina bioregion, in the west of the study area, includes most of the Urana and Yanco 1:100,000 mapsheets. It is characterised by broad alluvial floodplains and alluvial plain landform patterns composed of black to red clay and silt soils deposited by repeated flooding of the Murrumbidgee, Murray and Lachlan river systems (NPWS 2003 , Tuckwell 1976 , Wynn 1977 . Landform elements include river channels, backplains, swamps, lakes and restricted areas of sandy lunettes formed in the Quaternary period.
The Cobar Peneplain occupies a small area in the north-west of the study area and includes northern sections of the Yoogali and Walleroobie Range 1:50,000 mapsheets. This area is characterised by low hills, plains and stony ranges formed on the northwesterly extension of the Lachlan Fold Belt (NPWS 2003) primarily composed of Barrat Conglomerates of the Cocopara Group of the Devonian period (Wynn 1977) .
The NSW South Western Slopes bioregion comprises the majority of the study area, encompassing most of the land east of Narrandera and Urana and extending west towards Griffith on the Yoogali 1:50,000 mapsheet. It contains two sub-bioregions: the Lower Slopes in the west and the Upper Slopes in the east. Features of these subregions are described in NPWS (2003) and Benson (2008) . The Lower Slopes subregion is characterised by alluvial valleys with undulating and hilly ranges and isolated peaks. The Upper Slopes subregion, which occurs east of Junee and Wagga Wagga, receives greater precipitation and contains greater topographic relief. It is characterised by Ordovician to Devonian folded and faulted sedimentary substrates and areas of intrusive granites and metasediments (Adamson & Loudon 1966 , NPWS 2003 , Tuckwell 1976 , Warren et al. 1996 , Wynn 1977 .
Previous botanical studies
Previous vegetation mapping and surveys for south western NSW are outlined in Benson (2008) for the NSW South Western Slopes bioregion and in Benson et al. (2006) for the Riverina and Cobar Peneplain bioregions. However, only a few of these previous studies were in the study area and most were botanical surveys rather than vegetation mapping. Moore (1953) described "plant associations" for most of the study area and produced a coarse scale, broad thematic level vegetation map. Brickhill (1985) assessed the conservation status of plant communities in the southern Riverina. Bos & Lockwood (1996) plot sampled some of the state forests in the study area and Benson et al. (1997) sampled and classified the native grasslands of the Riverina bioregion, including around Urana and Narrandera. Priday & Mulvaney (2005) sampled and described the vegetation of the Wagga Wagga Shire and Priday (2006) plot sampled the southern part of the NSW South Western Slopes bioregion. EcoGIS (2004) sampled and mapped a number of conservation reserves at fine scales from the southern tablelands to the Upper South Western Slopes and Gellie (2005) provided an initial overall classification of the vegetation for the southern part of the Upper Slopes subregion. Other conservation reserve mapping includes Porteners (2001 Porteners ( , 2007 and Whiting (2006) . (Benson 2006) . The NSW VCA aims to provide a consistent plant community classification across NSW and full distributional perspectives on extent, threats and protected area status for each classified plant community. As of 2011, the NSW VCA covered approximately 78% of NSW across 11½ bioregions west of the Great Dividing Range (Benson et al. 2010) . The NSW VCA database also contains a range of protected area and threat assessments useful for conservation assessment and planning purposes. These include a set of threat criteria for grading each plant community into a threat code (Critically Endangered, Endangered, Vulnerable, Near Threatened, Least Concern) and an audit of plant communities in all protected areas (public conservation reserves and secure property agreements) providing an assessment of the protected area status of each plant community (see descriptions of all NSW VCA fields in Benson 2006) . For NSW VCA classification of plant communities in the NSW Western Plains, including the Riverina bioregion, see Benson et al. (2006) , and South Western Slopes bioregion, see Benson (2008) .
As the NSW VCA progresses, it is being submitted for incorporation into the NSW Government Vegetation Information System (VIS) vegetation classification (OEH unpub.a) 
Background
The study focussed on mapping NSW VCA plant communities that occur in the study area using high resolution ADS40 digital imagery. Cultural plantings including exotic pine plantations (mainly Pinus radiata) and native species re-vegetation plantings were also mapped.
ADS40 Imagery
While the study applied many of the principles of traditional Figure 2 contains a visual representation of the differences between imagery in a 2-D environment.
Twelve 1:100,000 mapsheet blocks of ADS40 images each comprising 11 to 12 north-south running strips of approximately 55 x 5km were used in the mapping process, with their lineage (Table 3) indicating the currency of the vegetation map product for each mapsheet.
Stereo Analyst and 3-D Planar technology
Vegetation polygon attributes were interpreted and recorded through the use of the Stereo Analyst for ArcGIS (SAFA) extension (ERDAS 2010) within ArcGIS (ESRI 2011). DAPI was undertaken in a 3-D environment using methods similar to traditional API (DUAP 2000) . The 3-D stereo environment was created by SAFA and viewed with 20 inch 3-D Planar screen technology (Planar 2011) , allowing linework to be digitised directly onto the screen and attributed by the DAPI operator, thus enabling the data capture process to be commenced and completed entirely within the 3-D digital environment ( Figure 3 ). This eliminates the traditional API process of scanning acetate overlays containing stereoscope interpreted linework traced over aerial photographs followed by manual data entry for attribution by non-API personnel, a process which was subject to errors for a number of reasons. White et al. 2002) were not considered useful for guiding the capture and attribution of new vegetation polygon linework because they were:
The vegetation map
Existing vegetation information
• Captured at a coarser scale as they were developed through interpretation of relatively small scale wet-film photography;
• Subject to loss of spatial accuracy through the transfer of linework into the digital environment from acetate overlays used as part of traditional API processes; and
• Mapped to different (generally broader) plant community classifications, reducing the relevance of polygon delineation.
724 existing floristic plots across 19 previous flora surveys (Bedward et al. 2011) were reviewed, with suitable plot data providing useful checks to identify the vegetation type on the ground. Providing that plot data had been accurately georeferenced, DAPI operators used this information along with their own reconnaissance data when attributing vegetation polygons.
Field reconnaissance and checking
Before DAPI commenced, DAPI operators and botanists undertook reconnaissance of the study area to gain familiarity with the NSW VCA plant communities, their constituent plant species and relationship to landform position and soil type. Importantly, field checking provided an opportunity to correlate visual signatures on ADS40 imagery for each plant species and community. The majority of field observations were recorded by inspecting land in public tenure (national parks, state forests, roadside reserves, travelling stock reserves and council reserves), although some private tenure land was also checked. Where access to private land was not feasible, observations of dominant tree species and relationships with abiotic features were recorded using binoculars. The reconnassiance and checking process was repeated throughout the mapping study whereby DAPI operators and at times, botanists, field-checked vegetated landscapes to maximise correlations between field observations and signatures on the ADS40 imagery. All information was recorded directly in the field onto printed ADS40 imagery, or through georeferenced data capture.
Digital Aerial Photograph Interpretation
The methods and principles of traditional API are well documented (e.g. DUAP 2000) and this method has been used for most vegetation mapping programs throughout the world, including in NSW. This study varied from the usual methods of API by using high resolution ADS40 imagery with image interpretation occurring directly on-screen in a 3-D GIS environment. The image interpretation used a 3-D SAFA platform (ERDAS 2010) to capture information into a 3-D polygon shapefile. The differences between traditional API and DAPI are listed in Table 4 .
Interpretation of NSW VCA plant community types using ADS40 imagery was based on the identification of the ADS40 photo signatures of plant canopy species, and at times understorey structure, present in an area. Once this mix of species was determined through DAPI, the interpreter assigned the most appropriate VCA type in conjunction with factors such as landscape position and geographic distribution. Correlating field observations with various vegetation signatures observed on 3-D ADS40 imagery was critical to the mapping exercise. Differences in interpretation of signatures between DAPI operators were minimised by cross checking and undertaking joint field inspections. Use of botanically astute DAPI operators in conjunction with field observation was particularly important in mapping mixed eucalypt forests and woodlands, where even with high Table 3 . Lineage of ADS40 image sets used in this study. resolution imagery one plant community type may exhibit several patterns in both natural and modified environments (e.g. different growth stages, densities and topographic situations). Further fieldwork was sometimes undertaken after intial DAPI to refine map polygon attributes and plant community boundaries.
Image
As the information was captured directly into ArcGIS using the SAFA extension, DAPI operators were able to use the SAFA zoom functions, thus improving the scale of capture. DAPI operators also utilised the SAFA colour tuning functions to distinguish and more clearly separate differing species to greater degrees, including the various colour stretch modes in combination with degrees of brightness and contrast. As a guide, DAPI operators were encouraged to draw polygons at an optimal zoom scale of 1:4,000, however at times it was necessary to zoom in beyond this level to determine the suite of canopy species in complex areas. The operational environment of the Stereo Analyst for ArcGIS interface is shown in Figure 4 .
All naturally vegetated areas of greater than one hectare were mapped including non-woody vegetation such as native grasslands and swamps. Some smaller areas were also mapped including linear remnants along roadsides with a width of two or more tree crowns. Single rows of trees were not mapped, but single rows on each side of a road or creek were mapped as one polygon with the road or creek included. Areas with greater than 5% crown cover were mapped as woody vegetation. In order to enhance the utility of the final vegetation map product beyond that of a standard plant community type map, a suite of additional attributes were collected for each polygon (Table 5 ). Polygons were driven by NSW VCA type, but split on dominant species, density class and/or crown condition. Thus, polygons of a single NSW VCA plant community type may contain several polygons split on these attribute variations. All other attributes within a polygon were only to provide additional information. Collecting additional attributes allows map users to develop multi-attribute models to answer a range of ecological questions beyond that of a standard vegetation map.
The attributes of NSW Vegetation Class, NSW Threatened Ecological Community, NSW VCA Threat Category, % Cleared, % Remaining, Over 70% Cleared and Source % Cleared Estimate were added to the shapefile post-DAPI data capture. Consistency of attribution was achieved between DAPI operators through regular cross-checks among themselves and botanists. Decision rules were developed for determining the differences between similar NSW VCA plant community types. 
Total Woody Cover
Density of all native woody vegetation (woody groundcover excepted): None; 0-1%; 1-5%; 5-10%; 10-20%; 50-80%; >80%; <1% in clumps; 1-5% in clumps; 5-10% in clumps; 10-20% in clumps; Not relevant Tall Cover
Density of native woody vegetation in tallest stratum: None; 0-1%; 1-5%; 5-10%; 10-20%; 50-80%; >80%; <1% in clumps; 1-5% in clumps; 5-10% in clumps; 10-20% in clumps; Not relevant Regrowth Density of woody regrowth (as a % of Tall Cover): None; 0-1%; 1-5%; 5-10%; 10-20%; 50-80%; >80%; <1% in clumps; 1-5% in clumps; 5-10% in clumps; 10-20% in clumps; Not relevant
Crown Condition
Condition rating for canopy species: Good health (healthy crowns); Moderate Health (some crown dieback at limb extremities); Poor health (advanced crown dieback, pronounced bayonets); Dead/poor health (near dead, or dead stags).
Ground Cover
Descriptor code for groundcover within the polygon: Barren; Chenopods with native grasses; Cropping/improved pastures; Heath; Native grasses; Native/naturalised grasses; Naturalised grasses; Rock (>70%) 
Geographic Information System (GIS) post-processing
Post-mapping GIS editing and processing was undertaken using ArcGIS. All 3-D shapefiles were first converted to 2-D and edgematchings were completed using a 2-D orthophoto as a base to ensure a seamless multi-attribute product across mapsheet boundaries and enable the various shapefiles to be merged into one. Topology errors resulting from the 3-D to 2-D conversion were corrected and any coding errors investigated and amended.
Feedback to the NSW VCA
Where polygons could not be clearly attributed to a particular NSW VCA plant community type, DAPI operators and botanists liaised directly with the NSW VCA administrator to determine whether a NSW VCA plant community type could accommodate slight variation or whether a potential new plant community type had been identified. For potential new plant communities, field information was gathered and compared with compositionally similar existing NSW VCA plant communities. The mapping process also provided feedback to the NSW VCA administrator on changes in the geographic extent of NSW VCA plant communities such as amending occurrences in Local Government Areas or sub-bioregions. On occasion, the NSW VCA administrator undertook field survey with DAPI operators to provide perspective on how particular areas may fit into the NSW VCA plant commuity type classification.
Independent Accuracy Assessment
Independent third-party accuracy assessment of completed mapsheets was incorporated. Independent botanists collected field data and undertook double-blind analysis of NSW VCA plant community type attribution (EcoLogical 2009 , 2010 , 2011a , 2011b , GHD unpub., SKM 2009 ).
The native vegetation footprint of the mapsheets was provided to independent assessors, and stratified using Mitchell landscapes (Mitchell 2003) , an abiotic landscape classification considered appropriate as a surrogate for differences in vegetation without making specific inference to NSW VCA plant community types. Within stratified areas, random field validation points were allocated and restricted to within 100 m of all public tenure and selected private tenured parcels. Decision rules were developed to randomly allocate field validation plots within stratified units across the mapsheets. Plot (50 x 50 m) information collected at georeferenced field validation points comprised the three dominant plant species in each stratum, landform element (Walker & Hopkins 1990) , NSW VCA plant community type (and if applicable 2 nd and 3 rd options where field decisions were not clear), and additional notes including canopy species within the same apparent plant community type within the direct viewshed from the validation point. While validation was undertaken after the final mapping product was completed, NSW VCA plant community types are robustly defined to ensure that seasonality is a negligible issue in sampling and determining plant community types.
Independent third-party botanists were not provided with the final NSW VCA plant community type map product until all field validation point data had been gathered in order to remove any potential bias in field observations. Accuracy assessment was then undertaken through GIS by intersecting the final NSW VCA plant community type map product with the georeferenced field data to determine 'degrees of correctness' as per 
Results
Mapped Plant Community Types
A total of 100 NSW VCA plant community types were mapped across the study area (listed in Table 7 with an example of the mapping in Figure 5 The mapping process identified one new community (NSW VCA 426) defined with agreement, checking and sampling by the NSW VCA administrator. Dominant species attribution of each polygon should assist updating of plant community type attribution for relevant polygons over time if there are revisions of the NSW VCA plant communities, although the latter would be mainly driven by full floristic plot analyses and expert review.
Native grassland, swamp and shrub mosaics were mapped where a number of NSW VCA plant community types occurred at a finer scale than DAPI operators were able to delineate within project timelines. In these instances, mapping of woody vegetation was prioritised. There were also some instances where spatial distributions of these NSW VCA plant community types were below the minimum polygon size, were ephemeral in nature or could only be distinguished with detailed site-based field survey in the absence of temporal synchronisation between ADS40 image capture and field survey. Native grassland mosaics were not differentiated into natural (non-woody in pre-European times) and derived grasslands (e.g. where trees have been removed since European settlement). However, it is considered that most of the grasslands of the eastern Riverina bioregion are primarily natural (McDougall 2008) , whereas grasslands of the NSW South Western Slopes and Cobar Peneplain bioregions are primarily derived from tree clearing. There may be small remnants of natural grassland in the lower slopes subregion of the NSW South Western Slopes bioregion.
The area of treed remnants with cropped ground cover (approximately 9% of the study area) along with a very large area of scattered paddock trees below 5% crown cover that are not mapped as native vegetation, supports the findings about remnant woody vegetation in Gibbons & Boak (2002) in their study of the nearby Holbrook region. Isolated trees are particularly common in the lowland plant communities within the Floodplain Transition Woodlands, Riverine Plain Woodlands and Western Slopes Grassy Woodlands NSW Vegetation Classes. Some of these plant communities are part of threatened ecological community listings under the NSW Threatened Species Conservation Act 1995 and/or the Commonwealth Environment Protection and Biodiversity Conservation Act 1999. Some NSW VCA plant community types were mapped over a small extent as they were either naturally restricted in distribution, highly cleared within the region or the study area represented the edge of their geographic distribution.
Planted woody vegetation (primarily commercial Pinus radiata plantations and small-scale shelterbelt plantings) represented 18,623 hectares of the study area.
Descriptions of the 100 NSW VCA plant communities mapped in this study are found in Appendix A with the twelve vegetation maps saved as PDF files in Appendix B. The original ArcGIS shapefile is available under licence by emailing data.broker@environment. nsw.gov.au or http:// mapdata.environment.nsw.gov.au/DDWA/.
Independent Accuracy Assessment
A total of 1,041 blind field validation plots were collected and analysed across the study area (Figure 6 ), yielding an overall user accuracy of 87 %. Attribution accuracy for NSW VCA plant community types is presented in Table 8 , with accuracy categorised by the broad NSW Vegetation Classes of Keith (2004) . For woody vegetation types, the number of validation plot samples is relatively proportional to the extent of each NSW Vegetation Class across the study area, with a mean sampling intensity of one plot per 385 hectares. Due to access issues, vegetation types within non-woody NSW Vegetation Classes were validated at a lower intensity of one plot per 1,790 hectares. NSW VCA plant communities within five NSW Vegetation Classes (North-west Plain Shrublands -184 ha; North-west Floodplain Woodlands -154 ha; Semiarid Sand Plain Woodlands -89 ha; Southern Tableland Dry Sclerophyll Forests -955 ha; and Southern Tableland Wet Sclerophyll Forests -32 ha), were not sampled in the accuracy assessment process as they were of minimal extent in the study area. 5 . Section of the Tarcutta 1:100,000 mapsheet showing the polygon detail able to be accurately mapped using ADS40 imagery. NOTE: Where polyon of the same NSW VCA type adjoin they are split on dominant speices mix, crown density or crown condition.
Discussion
Use of digital stereo imagery
The mapping of 100 NSW VCA plant communties within the South Western Slopes and Riverina bioregions in centralsouthern NSW, one of the most highly fragmented landscapes in Australia, provides spatial data for environmental planning and assessment. The quality of the mapping is similar to fine thematic mapping of plant communities in parts of Europe and Great Britain (Bradtner et al. 2011) . In Switzerland the Swiss Federal Institute of Forest, Snow and Landscapes has interpreted ADS40 imagery using Stereo Analyst for ArcGIS software and 3D Planar screen hardware to undertake forest inventory and other ecological assessments (Hastedt et al. 2009a (Hastedt et al. & 2009b , while the National Inventory of Landscapes in Sweden (NILS) programs aerial photo interpretation approach (Allard et al. 2003) uses Planar screens with similar software (DAT/EM's Summit Evolution) for stereo observation and delineation, with ArcGIS used for polygon generation and registering interpreted data into their database (Heiskanen et al. 2008) . This study in central-south NSW represents the first time the software has been used to develop a regional vegetation map in Australia. Stereo Analyst software had been used by Forests NSW for forest inventory assessments, however, this was undertaken using Cathode-Ray Tube (CRT) screens and flicker glasses to interpret scanned wet-film aerial photography contact prints in a digital 3-D environment (Webster 2008 , Webster & Turner 2007 .
High resolution ADS40 multi-spectral imagery produced maps with high pixel accuracy and greater image depth than traditional API mapping using wet-film aerial photography (DUAP 2000) . The resolution of the ADS40 imagery, along with a systematic DAPI process including extensive field checking, is more likely to produce accurate mapping at the fine hierarchical level of a plant community ('plant association' in Beadle & Costin 1952 , 'plant community' in Benson 2006 , 'Classification Level D' in Sivertsen 2009 ), than interpretation of digital satellite imagery such as SPOT5 or LANDSAT TM, which is captured at a coarser scale and with less/nil panchromatic bands. The high spatial accuracy in ADS40 linework delineation and thematic accuracy in identifying plant community types meets a range of user needs such as regional, local and site level environmental assessment including aspects of regulatory compliance.
The detailed vegetation mapping combined with the comprehensive description, threat and protected area assessment of each plant community in the NSW VCA database provides a useful combination of spatial and nonspatial information for land use planning. An advantage of this mapping method over traditional wet film API mapping is that polygon digitising and attribution occurs directly in the digital GIS environment so there is no need for secondary data capture processes that can lead to transfer errors. We found that field reconnaissance to identify NSW VCA plant community types facilitated rapid assessment of multiple attributes of the vegetation and reduced errors in coding of plant communities in the map polygons. Since DAPI operators and botanists were able to view ADS40 images in a 3-D environment simultaneously, this lead to group discussion and increased map attribution consistency.
Grassland mapping
In western parts of the study area the detail within the ADS40 imagery and the use of zoom functions in the GIS environment allowed DAPI operators to confidently distinguish between low chenopod shrublands and grassland communities. This was not available for the parts of the study area where these vegetation types occur. As a result, the majority of natural grasslands were mapped as 'Native Grassland Mosaic'. The ADS40 imagery used for this study was captured after eight to ten years of severe drought, and much of the reconnaissance was undertaken during drought conditions. Therefore, it is likely that the limitation of mapping mosaics would be alleviated if ADS40 image capture and field reconnaissance were synchronised during times of vigorous vegetative growth, or additional resources were allocated to field reconnaissance and mapping time.
Differentiating between natural and derived grasslands within the 'native grassland mosaic' mapped type was not considered in the original study design. 
Woodland and open forest mapping
With the exception of non-woody vegetation types with similar structure (e.g. native grasslands), the NSW VCA plant community types were able to be accurately delineated in this study. However, at times there was some difficulty in the polygon attribution of NSW VCA plant community types on hill mosaics in the Upper Slopes subregion of the South Western Slopes bioregion. This was due to the overlap of canopy species between compositionally similar NSW VCA plant community types with broad ecotonal boundaries (e.g. (NSW VCA 289 and 291 on the Tarcutta 1:100,000 mapsheet).
An issue with some vegetation type maps has been the ability to consistently delineate between open woodland and non-woody vegetation at ecotonal boundaries. In this study the delineation between non-woody and open woodland environments was set at 5% crown cover (or a crown separation ratio of 3:1 (Penridge & Walker 1988) . However, when mapping in a digital environment there is potential to provide quantitative assessment of crown separation ratio in a GIS platform. For instance, in recent years technological advances have seen the development of 'tree canopy layers' to spatially represent the presence of woody vegetation (e.g. Roff et al. 2010 , Roff & Davies 2011 ). Such products provide a level of guidance as to the presence of woody vegetation including scattered and isolated paddock trees. Digitally displaying the relative distance between tree crown edges provides an opportunity to utilise the digital environment to provide a consistent on-screen guide when delineating between woodland and non-woody vegetation. One option of quantifying this delineation is to develop zonal statistics models from tree canopy layers to quantify crown separation ratio.
Independent Accuracy Assessment
The independent validation of the accuracy of the vegetation map product provides a level of confidence for the end-user of the vegetation map. While there are a number of methods for developing comprehensive, efficient and statistically valid sampling stratifications to guide vegetation surveys (refer to Neldner et al. 1995) , these are generally aimed at guiding sampling strategies to collect new survey data, or to confidently classify assemblages of plants. Although the concept of validating the accuracy of vegetation maps is discussed in some literature (e.g. Gopal & Woodcock 1994 , Townsend 2000 , appropriate sampling adequacy guidelines to determine accuracy of polygon-based vegetation maps are yet to be developed relative to landscape heterogeneity, and as such the true adequacy of the validation can only be inferred by the number of blind field validation plots analysed in this study.
Independent assessors undertook a blind stratification process based on the native vegetation footprint of each NSW Landscape (Mitchell 2003) . This resulted in some plant community types with small distributions in the study area having limited samples. In order to present the independent accuracy assessment data in a meaningful way, it was necessary to present the plant community type accuracy levels at a NSW Class level (as per Table 8 ). There are significant resources required in collecting independent field validation data and it has rarely been done to the levels undertaken here, however improvements could be made for future mapping projects by developing a sampling stratification based on a blind delineation of the study area using a finer scale stratification such as plant community types.
While accuracy was validated by direct point comparison it could be improved by considering levels of error in delineating vegetation polygon boundaries, separate validation botanists having similar interpretive understanding of NSW VCA plant communities and increased checking on private land. Additionally, it is reasonable to accept that, even at a capture scale of circa 1:4,000, a vegetation polygon boundary may have an error of approximately 5-10 metres. In considering an error level of 10 metres in the accuracy assessment analysis, it is possible that the user accuracy level may increase through enabling field validation plots that occur Overall User Accuracy 87 % (1041) Sources: EcoLogical (2009 , 2010 , 2011a , 2011b , GHD (unpub.), SKM (2009) in this ten metre error zone to be assigned to the adjacent polygon.
Polygon attribution to NSW VCA plant community type, undertaken by DAPI operators, was based on whole of polygon observations of dominant species observed on the imagery and their position in the landscape. Such ecological community polygon-scale observations do not always correlate with that of fine-scale quadrat observations. For this study, independent field validation plots were based on 50 x 50 metre plot observations (plus viewshed within the same apparent NSW VCA type), which at 0.25 hectares is below the one hectare specification for minimum polygon size in this study. In some instances a polygon may be considered incorrect based on such fine-scale observations within a broader polygon. The same is true when deciding between similar vegetation types within broad ecotones, or between NSW VCA plant community types which are compositionally similar. The method described by Gopal & Woodcock (1994) helps to address this by allowing for 'levels of correctness'.
Map application flexibility
Development of a vegetation map capturing multiple attributes such as those collected as part of this study enhances uses of the vegetation map product. For example, Modelling the distribution of polygons containing Allocasuarina verticillata as a dominant species can give a strong indication of potential feed areas for the glossy blackcockatoo (Calyptorhynchus lathami), a cockatoo which favours foraging habitat with an abundance of Casuarina (Cameron 2007 , Higgins et al. 1999 .
Modelling the distribution of polygons attributed to a NSW VCA plant community type containing Eucalyptus camaldulensis, coupled with polygons attributed to good crown health can give a strong indication of Eucalyptus camaldulensis forests with relatively healthy hydrological function.
Modelling the distribution of the critically endangered community White Box grassy woodland in the upper slopes sub-region of the NSW South Western Slopes Bioregion (NSW VCA 266) containing woody regrowth can indicate remnants with regrowth of key woody species. Multiple attribute vegetation mapping has the potential to greatly reduce site assessment costs for some conservation and planning programs such as:
• Landscape-scale conservation including reserve acquisition, regional conservation planning, targeted conservation investment, threatened species, and other habitat modelling and landscape restoration;
• Property vegetation planning;
• Private native forestry assessments;
• Native vegetation compliance assessments;
• Biobanking assessments;
• Biodiversity certification for local councils;
• Monitoring, evaluation and reporting; and
• Fire behaviour modelling.
The detailed mapping developed in this study should form a basis for monitoring change over coming decades and we encourage management authorities to use the data for conservation planning, vegetation and environmental restoration projects with the aim to protect biodiversity and improve the extent and condition of native vegetation in the region.
